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WIND-TURNEL TESTS OF SPOILERS ON TAIL SURFACES
By Robert B. Liddell

STUMMARY

Wind-tunnel tests have been made in two-dimensional
and three-dimenslonal flow to Iinvestligate the aero-
dynamic characteristics of spollers on tail surfaces
for low-speed flight.

The test results indlocated that spollers on tall
surfaces showed little possibility of replacing conven-
tional control surfaces. Spollers might be used as
auxlliary alds to conventlonal control surfaces 1if a
number of the dlsasdvantagss that they present can be
remedled or tolerated. These disadvantages consisted
principally of high drag, erratic action, and an adverse
effect on normal control-surface hinge moments.

A spoller on the forward portion of the tall surface,
used alone or 1in conjunction with the conventlonal control
surface, gave unsatisfactory results because of 1ts erratic
effect throughout the angle-cf-attack range. Spollers
generally should be located on the rear portion of the
tail surface, but an auxlllary forward spoiller might be
advantageous 1in depressing the tall in the lending
maneuver, A forward auxillary spoiler should be located
on the orposite side of the tgll surface from the rear
spoller, since two spollers on the same slde of the tail
surface tend to cancel the effects obtalned by the use
of either spoiler salone.

INTRODUCTION

A number of modern alrplanes have encountered
difficulty in landing because of inadequate elevator
control., Very large control deflectlions are required
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for landing because of thé marked increase in longltudinal
atabllity that results from the proximity of the ground.
The large slevator defleotfdns required to attaln the
landing attltude cause the mechanlical advantage of the
control system to be low and the elevator hinge-moment
coefficlents to be high., These two factors result in
high stlck forces &t both high und low speeds. Often
the control forces necessary to trim the asymmetrilc
vawing momznts on single-enginas eirplanes with single-
rotating propellers and on multiengine alrplanes with
asymmetric nower are also excessive, In muny cases the
ruddsr effectiveness 18 1nsufficient even 1f the control
forces are small.

It has been sugzested that snollers mlght be used
as supnlementary or auxliliary. controls to reduce some
of the control difficulties just mentioned. Tests have
consequently been made at varlous times 1In the Langley 7=
by 10-foot tunnel cof spoller-elsvator controls on three
complete alroplane models. An WACA 0009 airfoil with
various sp01Jers end ccmblnations of apcilers also was
tested In two-dimenslonal flow in the Lengley L- by
6-fool vertical tunnel.

Tr.e purpose of the oressnt report 1s to collect,
summarize, and analyze the data that have heen obtalned
on the annlication of spollers te tall surfacss for the
critical contrnl conditlon at low spoad.

SYMROLS AND CORIECTIONS
r:bols usad for tests 1In two-dimensional flow are
a8 follows:
c1 alrfoll ssction 1ift coefficient

G
ca alrfoll scctlon profile-drag coefficient =2
o}

Cm eirfoil section piteching-mement coerlfi-

slent K

2
ac¢ he
Ch flap section hinges-noment coefrficiant
hif qcf2

2

h
Ght tabh sectinn hinge-moment coefflclent ( t)
qc¢
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alrfoll section 1ift, pounds

‘alrfoll sectlion profile -drag, pounds --.—.

alrfoll sectlon pitching moment, foot-pounds
flap section hinge moment, foot-pounds

tab section hinge moment, foot-pounds

dynamlc pressurse, pounds per square foot (;pv%)
chord of alrfoil sectlion (2 ft)

flap chord, feet

tab chord, feeot

angle of attack for iInfinlte uspect ratio

deflecticn of flan with reapect to alrfoll, degrees;

poslitive when tralling edg: ls moved down

deflecticn of teb wlth reapact to flap, degrees;
positive when traillng sdge 1s moved down

muss denslty of alr, slug per cublc foot

alr veloclity, feet per ssescond

Symbols used for tests 1n three-dimensional flow are

a3 follows:

Cr,
CDR
Cry
Che
D

1ift coefflclent <!l>
resultant-drug coefficlent (L,)

pltching-moment coeflflclent \>
gse

s

2

elevator hinge-moment coefficient
qbe'é'e
resultant drag, pounds

11ft, pounds

pitching moment, foot-pounds
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elevator hinge moment, foot-pounds
1
dynamlc pressure, pounds per square foot (%pv%)

wing area (9.4l sq ft for model A; 6.65 sq ft for
model B)

wing mean aerodynamic chord (1.36 ft for model A;
1.07 £t for model B)

span of elevator (2.50 ft for mcdel A; 2.79 £t
for model 3)

root-mean-square chord of elsvator behind hinge
line (0.199 ft for model A; 0,160 ft for
mocdel B)

angle of attack of fusslauge reference line, degrees

elevator deflectlon, degrees; positlve when
tralling edge 13 noved down

deflection of ruider with resnmect to fln, degrees;
positive when tralling edge 1s moved to left

flap deflection, degrees; positive when tralling
edge 1s moved down

angle of stabllizer with respect to fuselage refer-
ence line, degrees; vposltive when trailing edge
1s moved down

mass density of alr, slug over cublc foot

alr veloclty, feet ver szcond

angle of yaw

average chcrd of horizontal tail (0.637 £t for model A)
chord of horlzontal tall at any point along snan

height or chord of spoller; expressed in fraction

of Ctgy ~OT model A end cy for model B

projection of spoller mesasured rerpeandicularly
from tcp edge of spoiler to surface of tall;
positive when spollar projects from lower
surface and negatlve when sroller projects
from unper surface; osxrressed in fractlion of

Ctpy JOT modal A and cy for model B



NACA ARE No. L5728 p)

Subscripts:
P forward“ -
R rear

Tunnel correctlons were applied to the alrfoll sec-
tion 1ift coefficlent c¢; &8 explained in reference 1.

No corrections were applled to the alrfoll sectlon
pltching-moment coeffliclent ¢ or to the alrfoll sec-
tion proflle-drag coefflcient T P al though the values

of cdo presented may bes too large as explained in

reference 1. The angle of attack was not corrected, but
this correction would he qulte smnall.

APPARATTS, MODEL3, AND TESTS

Two-Dimensional Flow

The soctlon cdata presented hereln wers cbtalned
from tests made in the Laagley li- by &-foot vertical
tunnel (raference 2) modified a3 discussed in refer-
ence 3. The 2-foct-chord by lj-foct-span model was made
of laminated mahogany and conformed to the NACA 0009 pro-
f1le. The alrfoll profils wlth spollers in forward and
rear locatlions 1s shown in figure 1. The model had an
enclosed hinge-monient balance for measuring the hinge
moments of the 0.%0c plain flap. The spollers were made
of sheet steel 1/32 inch thick, had spcns of 4 feet, and
were orojected 0.0lc, 0.03c, 0.06c, and 0.09¢ at the for-
ward locatlion and 0.0lc, 0.025c¢, 0.05¢, 0.10c¢c, and 0.l5c
at the rear location, The snolloers were screwed to the
model at right angles to the surface, and strips of
cellulose "scotch" tape were ussd to prevent alr flow
under the snollers.

The tests were made at an average dynamlc pressure
of 15 pounds per square foot, which corresponds to a
velocity of 76 mliles ver hour under standard conditions.
The test Reynolds number was 1,)130,000, and the effectlve
Roynolds number was 2,765,000 based on a turbulence
factor of 1.93 for the Lengley lL- by 6-foot vertical
tunnel. A résumé of the tests In two-dimenslonal flow
1s given In table I.
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Mhree-Dimenslonal Flow

Three low-wing complete alrplane ricdels were tested -
In the Langley 7- by 10-foot tunnel, which 1s described
In reference 1. Tests were made of a model of a single~-
englne fighter alrplane with single-rotating propeller,
which is raferrsd to herein as "model A." Other tests
were made of a slingle-engine bombher-torpedo model with
dual-rotating propellsr, which 1s refarred to herein
as "model ‘B.™ A few tests were made of a third com-
nletes model of a typlical fighter alrplane to find the
effects of elevator nose ganm on the characteristics of
a tall with a spoller.

The grourd was simulated by a flat wooden board
extending comnletely across the tunnel and several feet
ehiead of and behind the model. A complete dsscription
of this ground board ls given in reference !;. The
grcund board was sdlusted so that it was almost tangent
to tre froat whkeels of tre landling gear at an angle of
attack of 0° - the wheels actualls never made contact
with the grourd Dboard.

Model A.- A thres-visw cCrawing of modsl A 1s shown
in figure 2. Wwhen the mcdel was set at the angle of
attack for maximum 11ft coefficlent (15°), the landing
gear wus about 1% inches ebove the ground board.

The spollers had spans of 73 percent of the
horlzontel-tull span and were made in two sectlons,
which were mounted symnetrically on each half of the
horizontal tall. 3Single spoilers with chords of 0.06,
0.09, 0.15, and 0.25 of the average tall chord were
tested. For most of the tests, the srollers were mounted
parallel to the trailing edge of the taill at 67.7 percent
of the averapge tull chord (fig. 3(a)). A few tests were
made with combinatlons of two apotlers mounted as shown
in figure 3(b).

All tests of mecdel A were made at a dynamlc nressure
of 1.09 pounds per squsre foot, which corresponds to a
veloclty of about LO mlles per hour and to a test Reynolds
number of ahout 497,000 based cn & mean aerodynamic chord
o® the model wing of 16.32 inches. Tho effectivs
Reynolds number was about 795,C00 based. on a turbulence
facter of 1.6 for the Langley 7- by 10-foot tunnel. All
tests were made with the propeller windmilling.
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Tests were made with spollers of several chords,
for which the spoller projection was equal to the chord.
As a basls for comparison, tests were made with the model
negr the ground board, the spllt flaps neutrsl or
deflected 1i5°, and elevator Geflections (plain elevator
with gap sealed) ranglng from 0° to -45°. A few tests
were made with a fixed-chord spoller at projections that
introduced a gap between the spoller and the upper sur-
face of the tall. Combinatlons of spollers were also
tested on the upper and the lower surfaces of the tall.
A résumd of the tests of model A 1s glven in table II.

Modél B.~ A three-vliew drawing of model B ls
shown In Tigure L, and a diagram of the model mounted
near the ground board is shown in figure 5. The hori-
zontal tail (fig. €(a)) was tested in the normal locatlon
or railsed l;.0 inclies as shown jin figure 6(b). The vertical
tall was removed for all teats wlth the raised horilzontal
tall, sinces data not vresented show that the vertical
tail has no effe<t on the longltudinal stablllity charac-
teristics.

The dlmenslons and locatlion of the spollers tested
on the horizontal tell ure shcwn in flgure 6(a). Since
the tail thicknosss at the statlion st which the spollers
were located was 0.10 of the tall chord, this
thickness determined the maxinum spoller projectlion that
could be retracted into the tall perpendicular to the
chord 1line. In adcitlon to the spollers of muaxlmum
helght, spollers of 0.0lcg, 0.025¢cy, and 0.05cy were
tested. The spollers were constructed of steel nlate
1/52 inch thick and were fastersd to the tall surface
by means of small metal angles,

All tests of model B were made at a dynamlc pres-
sure of 1€.37 pounds ver square foot, which corresponds
to a weloclty of about 80 mlles per hour and to a test
Reynolds number of about 800,000 hased on the wing mean
aerodynamlic chord of 12.51 inches. The effective
Reynolds number was about 1,28G,000 based on the
turbuvlence factor of 1.6. All tests were made with
the propeller windmilling and with the model 1n the
landing configuration, wiich 1s definsd as follows:

Inboard-flap deflection, Gfi' des- . . . e« o . [ . . 50

Outboard-flap (balanced split) deflection, 6f 5

deg [ ] [ ] - - L ] L] L] L] L] L ] » a [ ] L ] L ] . L] L] L] L] . L ] 50
Cowl-flans doflsction, O6r,, deg . . . . « + . « « « « 25

Landing gear and s8lats . . . . ¢« ¢« + « « « « « Bxtended
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Tests were made wlith elevator alone and wlth spoller
projections of 0.0lcy, 0.025¢¢, 0.05¢y, and 0.10cy

for the horlzontal tall in its normal location.
Elevator tests without a spoller and with a spoller
prcjection of 0.10cy were made for the horlzontal tall

in its raised locatlon. A resume of tests of model B
1s given 1n tables III.

Elevator gap.- A drawing of the horilzontal tall
and a™0.008cy spoller on the model tested to find the
effect of sealing ths elevator gap 1s shown in figure 7.
Four tests were made wlith tihe nose gap sealed or unsealed
and wlth or wlthout a spoller.

Elevator deflection required to land.- Some data
on ths elevator del'lecticn Mequired to land were complled
for various fighter models tested in the Langley 7~ by
10-foot tunnel. 'hese modeals ware tested near a ground
board, and the data are presented in figure 8.

Al) of the data from tests in three-dlmensional
flow, except those for medel A with flaps retracted,
are uncorrected for tares due to the model support.
No corrections for tunnel-wall effect have heen applied,
since reference !, indicetes that the tummsl ccrrection
for tha ground-board test Ilnstallatlon 1s negligible.
All forces and moments for models A and B are glven with
respect to the wind axas of tre models; center-of-gravity
locations shown In flgures 2 and &5 are used.

RESULTS AND DISCUSSION

Two-Dimensional Flow

The results of the tests 1ln twe-dimensional flow
are glven a3 air;oil aerodynamlc section chargcterlstics
in figures 9 tc 1%. For the purnose of showing the
sffectivenass of the varlous arrangemsnts, lncrements
of sectlion 11ft coefflcient and flaip section hinge-moment
coefficient ure plottad agalnst flap deflsction and
spoller projection in figures 17 to 26.

Flap alone.- The curves of figure 9 show the effect
of flam deflection on the aercdynamic sectlon charac-
teristics of the plain airfoil. Increments of 1lift and
hinge-moment coe?ficlients vproduced by flap deflectlon
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obtalned from figure 9 for various angles of attack are
presented in figure 17. These curves are a basls for
the comparison of the eiffectiveness of various combina-
tions of spollers or of spoilers and flaps.

For the landing maneuver, a -30° deflection of a
0.30c¢c flup 18 usually sufflclent for a conventlonal
fighter alrplane. The angle of attack of the tall 1s
approximately 8° in landing. A flap deflectlon of -30°
was not tested but, for a flap deflection of 30° and an
angle of attack of -8° (reference 5), which can be used
since the alrfoll i1s symmetrical, the data of flgure 17
indicate that the increment of airfoll section 1ift
coefflclent would be about -1.07. Any satisfactory
arrangement of svoller or of spoller and flaP therefore
should develon abhout thls ilncrement of alrfoil sectlon
1ift coefficlent.

Rear sonller ulonsa.- A rear s3nollsr alone on the
upner or lower sSuriace arpeare to be usable as a control
device (figs. 10 and 18) excepnt for 1ts ineffectiveness
In producing changes In 1ift at low spoiler projections.
Thls 1neffectivene:s ammarsntly occurs at all anzles of
attack within tho range Investigated but 1s less marked
at large positive ungles of attask for upper-surface
apoilera. The lneffectivenessa of thls spoller in
Increasing 11ft might De a dlstinct cisadvantage during
high-sneed maneuvering. The data of reference 6, how-
ever, indicate that rear spollers used for lateral
control at high sneed on wings show no ok jJectlonable
lag In effeactivenoss wlth prolection. The present data
thus are not conclusive for hlgh-speed flight.

The slope of the curves of llft~coeffliclent 1Incre-
ment for ths rear spoller (fig. 13) 1s similar to that
for tha nlain flap (fig. 17). Except for the range in
which the spoiler is 1neffectlve, a spoller nrnjection
of about 0.05c corresponds to a flap deflection of
about 10°,

A serlous dlisadvantage of the rear spoller aldne
1s 1ts excesslvely large drag &t large projections. It
13 estimated that, 1f a high-speed fighter airplane
required an elevator deflection of 109 in a tight turn,
the drag of an equdlly effective spoiler would be about
13 times the drag of the elevator. This high drag would
produce & stabllizing moment unfavorable to depressing
the tall in the landing maneuver.
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Forward spoller alone.- With the spoller at the
0.15¢ Tocation, Thes values of the lift-coefficlent
Increment vary erratlcally with changes 1n spoller
height ard angle of attack (figs. 11 and 19). With
the spoller on the upper surface and the model at a
posltive angle of attack, the lift-coefficlent Incre-
ment Increases negstively with an Increase In spoller
projection; withk the spoller on the upper surface and
the model at a negativs angle of attack, the increment
increases positively. With the spoller on either sur-
face and the model at a lcw ungle of attack, the results
show an uncertaila variation in the increments of 1ift
coefficient and flap hinge-moment coefficlent. The
forward spoller czused all the aerodynamnlc coefficlents
to vary erratically throughout the 11ft range.

Forward spoller and flap.- In an effort to study
the performance ot the moael with the forward spoiler
and the rlap orerating simultaneously, the data of
figure 12 were replottad 1n figures 20 und 21 with a
spoller projecting G.05¢c for uvery 10° of flap deflec-
tion. A comparison of figures 20 and 21 wilth figure 19
indlcates that deflecting the flap In conjunction with
the spoller increases tiie negstive value of 4c; at a

positive angle of attack; but, as with the forward
spoller alone, the results are uncertaln at zero and
nagatlve angles of attack.

An improvement in performance seemed possibls by
use of a delayed-actlon spoller, Such a condition was
Investligated with the spoiler remaining wlthin the alr-
foll contour until the flap was deflected -5° and then
projecting 0.05¢ for evary 10° of flap deflection
(f1g. 22). This arrangement nroved only sllghtly better
than that in which the flap and snoller operated
similtaneously, and the results are still uncertailn at
zero and negative angles of ettack.

The forward spoller on the upper surface was tested
with the taed deflectsd *15° and ths flap neutral, and
the results are pressnted In figure 13. Although no
analysis of these data was made, it 1s obvlous that
this combinsatlon has the same characteristlics as the
forward spoller and flap comblnation.

The forward spoller alons or in comblnation with a

flap or tab avpears to be unssatlsfactory, because of the
difference in the effect of the spoller at nositive and

L
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negative angles of attack. The flap hinge-moment coef-
ficlents -are also very erratic when the forward spoiler
is projected (figs. 11 to 13).

Combilnation of forward and rear spollers on upner
surfacé,- From the data ol Ilgure 1lj, the curvesa ol
TIgures 23 and 2l were plotted to show the effect of
two systems of operation of double spoilers on the
upper surface of the alrfoll, Wlth the two spoilers
operating simultaneously (fig. 23), the effect on 1lift
at an angle of attaclz of 0 at small spoller projec-
tions 1s of the same magnitude as with the rear spoller
alone (fig. 18). A%t angles of attack of 0° and -89, the
two spollers tend to cancel the effect produced by
elther one acting alone. With the delayed-action
systenm (fig. 2l;), the results at all angles of attack
are too erratic for this syvstem to be used as a control
device. The sectlon data for the double-spoller arrange-
ments show the same erratic characteristics (fig. 1)
as noted for the rforward spoller alone.

Comblnations of spollers on upper and lower
surfaces,.- Dafa [or varlous combinatlIons of rear
spoller on the lower surface and forward snoller on the
upper surface are given In flgure 15. At any partlicular
ccnstant value of forward-spoller height and angle of
attack, projecting the rear spoiler lncreases the 1ift
poslitively. In order to aprly the data of fizure 15
Glirectly to the landing problem, it therefore 1s necessary
to think of the comblnation as a forward spoiler on the
lower surface and a rear spoller on the unper surface
with the signs of the angle of attack and the 1lift coef-
ficlent reversed. Thils assumption is valid because the
alrfoll is symmetrical and the flap and tab were not
deflected.

Data are presented for a rear spoller on the upper
surface and a forward spoller on the lower surface in
figure 16. These data are a replot of some of the
curves of figure 15 with the slgns reversed to give a
negative Increment of 11ft coefficlent with an incrsase
in spoller helzght and with a constant proportlional
variation in the helghts of the forward and rear spoilers.

Increments of alrfoll sectlon 1lift coefflicient as a function
of svoller projection are presented in figures 25 and 26 for
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combinations of forward and rear spoller. The combina-
tion spollers have very high effectiveness for posltive
angles of attack and apnear to be satlsfactory for
depressing the tall of an alrplane In the landing
maneuvar. The combination with a delaysd-action
forward spoller (fig. 26) is more affective than the
comblnation with spoilsrs ecting simultaneously at an
angle of attack of 0° but 1s less effective at an angle
of attack of 8°, ®ven these combinations, which were
vary effective for the landlng maneuver, could hardly
be used alone as a pltech or yaw control device because
of thelir erratic and adverse effects throughout the
angle-of~attaclk range.

Compiete lloGel A

Effoct of elesvator Aeflaction.- The effoct of
elevator cdeflection on the asrodynamlic characteristics
of medel A near the ground bocard 1s shown in figure 27.
With the flaps elther nsutral or deflected, an elevator
deflection of -30°0 is raquirsd to trim the model at
maximum 11ft. As may b3 expacted the h¢nge-moment
coefflcients are high at the slevator deflection for
trim, The stick torces, based on these kinge-momant
coefflclents, for an actual airrlane in the landling
maneuver would be hligh but noc excessive,

Effect of spoller projecztion.- The effect of
spoiler projectlon on tne aerocnamic characteristics
of model A 1s shown in flgure 28. In these tests the
spoller projectlions were equal to the spoller chords.
The data show trat a spoiler chord of at least 0.15¢t,y

1s requlred to trim the model near meximum 1ift with
tha flaps elther nsutral or det'lected.

Effect of sgoiler gap.~ The eflect of snoller gap
cn the a>rccynaniic characdtsristics of model A with a

spoller of constant chord (spoliler on upper surface) is
shown 1n figure 29. The maxlmunm effectiveness 1s obtalned
when the spoller projection is equal to the spoiler

chord. Tie eflectlveness decreuses when the projectlion

1s greater than the chord; that 1s , when there 13 a gap
between the surface of the tall and the lower edge of

the spoiler. Thlis loss 1n effoctiveness increases with
an Increase in gap between the spoiler and tall.
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Effect of spoller combinations.~ In an effort to
increasSs the effectiveneas.ol .the.spollers, two com-
binations of spoilers having different chords werse tested
on model A 'and the 1results are shown in figure 30. With
both spolilers on the upper surface, the effectiveness ls
less than the effectiveness of a 0'06°tav rear spoller

alone (fig. 28). This result is in agreement with the
results of the section data previously dlscussed, which
Indicate that two spcilers om the same surface tend to
cancel the eflects of each other. With the forward
spoller on the lower surface and the rsar spoiler on
the upper suvrface, however, a qulte effectlive comblna-
tion is obtalned and it is necesasary to nroject the
rear spoller only -0.09ctav and the forward spoller

only -O.Oéctav (fig. 30) to obtain the same effec-
tlveneas as for the -0.15ctav raar spoller alcne

(fig. 23). TIT spo'lers were used Iin landing an alr-
plane, the use cof rdouvble spollers rather tran a rear
spoller mlcue weould be advantugeous, since g 0'15°tav

rear spoller migit prove éifficulb tc retract within
a tall surface ccntouvr of normal thickness.

Comparliaon cf elevators ané swollera.~- Thae elevator
deflec¢Tiona™ ad Tre sroifer pro_&cficnd requlred to trim
model A at any glven 11f. coeiflclent are stown in flg-
ure 3l. A 3-mercant swoliler projsction gensrally is
equally as effective as an elsvator defloctlon cf 19,
Since ths spollers on tils model spunnzd 78 mercent of
th? tall span, tlris relative arfectlivens=ss 1s *n very
cloyso agreemant witlh the relacvive sffectlvensss of the
spoller-flap arrangement of the model in two-dimeaslonal
flow.

Cormplete Mocdel B

Tha offacts on thre aesrodjmcmle characteristics of
various elevator dellectiorns andé spoiler projections
wlth the hcrizontal tall of model 3 in poir 1t3s normal
and raised locutions ara chcwm in fijures 22 tc 4.

In order tc analyze tre nertinent information provided
by these data, the elevator derlection required to trim
1s plotted sgalnst the model angle of attuck (fig. 35).
The results (fig. 35) are presented for a forward center-
of-gravity location of 0.1lljc' for a stabilizer setting
of -1.4°. The center-of-gravity location used in this
analysls 1s the mest forward, since 1t would be the
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critical lecation inlanding. A stabllizer setting of -1.4°
1s used since 1t has been estimated that thls setting
would be required for the elevator to have a desirably
small positive deflectlon for a normal center-of-gravity
location at high speed.

The elevator of model B was not sufficlent to trim
the model near the ground and thus spollers were used to
provide auxlllary negative 1i1ft nsesar the ground.

Effect of tall location.- With ths tail 1in the
normal location (Il1g. 35), a 0.10cy spoliler and an
elevator deflection of 25° are required to attain the
landing attitude. The curves of figure 35 show that,
if a spoller 1s linked so trhat 1t projects in propor-
tion to the elevator deflectlon, the resulting com-
tination glves setisfactory trim churacterlstics.
wWith the 0.10ct spoiler, the 3alevator dsflection
required to land 1s less with thke ralsed tall than
with the %tail in tho normal location, The reason
for the lurger elevator deflaction required for ths
raised tall wlthout spollers seems to be an unexplalned
decrease 1n elevator effectlveness. The data glso 1indi-
cate that spoiler effectiveness decroases considerably
as the elevator dsflection 1s irncreaced.

Effect of spollers on stick force.~- From the data of
figures 32 to 3, the stick force required to trim
model B near the ground has been sestimated for a full-
scale alrnlane and the results are pressented in fig-
ure 36. The addition of & spoiler ceusas an unfavorable
varlation of stick foree wlith angle of attack. The
elevator overbalance, at large spoiler projections and
elevator deflections, occurs because the spoller in
front of the elevator doflects the air so that the
load on the portion of the elsesvator behind the hinge
line 1s decrsased. The elevator balance, which has
been llttle affected by the svoller, contributes l1ts
full influence gnd overbalance thus results. Spollers
used 1n conjJuaction with *the elevator or rudder would
not be desirable because of the erratic und overbalancing
effect nroduced on the hinge moments of the conventional
control surface.

Fffect of spoller combinatlons.- Model B was tested
with varlous spollsr combinatlions 1In an attempt to
determlne their relative merits. The results of the
tests (fig. 37) are quite erratic, probably because of
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the nonuniform varlation in downwash angle and dynamic
pressurs .at .the .tail throughout the angle-of-attack
range for model B. The average downwash angle “through-
out the model angle-of-attack range 1s sbout 6.5°. The
large change in the slope of the pltching-moment curves
thus occurs in the reglon of low angle of attack at the
tall. The forward spollers, as well as combination
spollers, generally cause a large unfavorable changs

in trim in the region in which the model angle of attack
l1s low and ths tall angle of attack 1s negative. The
erratlic and often adverse effect of forward spollers at
low and negatlve angles of attack 1s also evident in the
sectlon date previously discussed.

The comblinatlons of forwand spollers on the lower
surface and rear spollers on the upper surface are
effective at positive tall ungles of attack but have
the same dlsadvantaszs as all forward spollers in that
thelr effoct 13 adverse ut low and negative tall angles
of attaeck. Spoilers nn model B as well a3 model A
showed little possibllity of renlacing conventlonal
tall control suriuces on airplanes hut might be used as
auxlliary control devices 1f a number of the serious
Glsadvantages that they present cen be remecied or
tolerated.

The resason tkhe nitching-moment curve of model A
(fig. 37) did not show an irregularity as did the
pltching-moment curve of model B with combination
spollers 1is unknown, but the dlflference might be
caused by the exlistsnce of a more rezular flow field
near the taill of model A.

Effect cof elevator gap behind spoller.- The data
of flgures 55 and 355 obtained In three-dimensional flow
Indicate that the effectlveness for a smsll spoller projec-
tlon 1s larger than section data Indicate. This changse
in effectiveness for small spoller projections was
thought to be some functlion of the elevator gap. A
few tests of a typlcal fighter model were therefore
made to determine the effz2ct of slevator gap on
spoller effectiveness. Thnese tests were made with the
model not 1ln the nresence of a ground board, but thils
conéltion should have little effect on the relative
merits of the varlous arrangements tested. A 0.008cy
spoller was used and the results show that a gap behind
thlis small spoller causes the spoililer to become very
effective (fig. 30). The small spoller causes a large
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negative peak pressure near the gap, which induces a
large air flow through the gap. "The flow through the
gap results in an upwash much the same as that obtained
by deflecting an elevator upward. This increase in
spoiler effectiveness by the use of an elevator gap has
previously been reported (reference 7). If spoilers
were used on airplane tail surfaces, it therefore would
be a definite advantage to locate them just ahead of an
unsealed gap or slot through the tail surface.

CONCLUSIONS

Spoilers have been tested at low speed on a model
in two-dimensional flow and on the tail surfaces of
three complete airplane models. The following con-
clusions were drawn from an analysis of the results of
these tests:

1. Spoilers showed little ‘possibility of replacing
conventional tail control surfaces.on girplanes butb
might be used as auxiliary control devices if a number
of the- serious disadvanteges that they present can be

SR

remedied or tolerated. These disadvantages and problems,

however, were quite serious and the widespread use of
spoilers on tail surfaces does not avpear likely.

2. Spoilers generally should be located at the
rear portion of the tail surface. It might be advan-~
tageous, however, to locate an auxiliary spoiler forward
on the lower surface of the horigontal tail in order to
aid in depressing the tail in the landing maneuver., In
flight, the use of this auxiliary spoiler, when spoilers
- alone are used for landing, might be necessary if the
spoiler projection on the upper surface were limited to
the airfoil thickness.

3. A forward spoiler alone or in conjunction with
the conventional control surface gave unsatisfactory
results because of its erratic action throughout the
angle-of-attack range.

. A forward auxiliary spoiler should be located
on the opposite side of the tail surface from the rear
spoiler, since two spoilers on the same side of the tail
surface tended to cancel the effects obtained by the
use of either spoiler alons.
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5. A gap between the spoiler and tail surface
resulted in a loss in spoiler effectiveness that
increased with an increase in gap.

6. In flight the drag produced by a spoiler used
to replace a conventional control surface would be
many times as gresat as that of a conventional control
surface. A tail drag of large magnitude would be a
decided disadvantage.

7. The ineffectiveness for small spoiler projec-
tions might be eliminated by locating the spoiler just
ghead of an unsealed gap or slot through the tail
surface.

8. Spoilers used in conjunction with the elevator
or rudder would not be desirakle because of the erratic
and overbalancing effect produced on the hinge moments
of the convesnitional contrel surface.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I.- RééUHé OF TESTS IN TVO-DIMENSIONAL FLOW

19

Forward~| Rear spoller Flap Tob
spoller y - -
Test I(Jaight (Eeight d;ﬁf dzﬁ:’f Figure
frao- frao- |Surface
tion ¢) |tion c) (deg) | (deg)

1 | Nome 0.01 | Upper 0 0 16
2 | 0.01 .025 | Upper U(a), 16

3 .025 | Lower 15(a)

I .05 | Upper U(a)

5 .05 | Lower 15(a)

[ .10 Upper Uy(a)

T .10 Lower 15(a)

8 .15 Cover Uy(a)

9 .15 Lower 15(a)
10 None | ==-=- v 11, 12(a)
5 7 I A B T [, 19 12(a)
12 ————— ] =1D 12(a)
13 [ S B 2) \\7 12(&.)
U T Bttt =20 12(a)
15 R — 0 15 13(a)
16| V| caee- i -15 15(b)
17 .0% 0.05 Unper 0 U(b), 16
18 .05 Lower 15(b)
19 .10 Unper U(1b)
20 .10 Lower 15(1v)
21 .15 Upper (1)
22 .15 Lower 15(b)
3 None | ==--- v 11, 12(b), 1(b), 15(b)
ST T - 10 12(b)
o5 cam—- | =10 . 12(b)
26| | | | ! eee-- 20 i 12(b)
el R O -20 12(b)
28 J, S 0 15 13(a)
2| vV | V| e 0 -15 13(b)

NATIONAL ADVISORY
COMKITTIEE FOR AERONAUTICS
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TABLE I.~ RébUNErOF TESTS IN TWO-DIMENSIONAL FLOW - Concluded

Forward-| Rear spoller Flap Tab
spoller _ _
Test \Eei ght ?e ight d:folzo d:ii;c' Figure
{freo- frao- | Surface
tion ¢) |[tion ¢) (deg) | (deg)
zZ0 0.06 2.10 Upper 0 0 U(o), 16
z71 .10 Lower 15( e)
32 .15 Upper lhgo;
33 .15 Lower 15(o
21.5; None | ==--- o 11, 12(c)1,2(1u§ ), 15(¢)
----- o
36 | | | | | e==-- =13 12(¢)
3T 0} | ] = 20 12(c)
38 [ pp— -20 v 12( c)
39 \L ----- 0 15 13(a)
Lo v | V| e -15 13( )
L1 9 0.10 Upper 0 1Uy(d)
L2 .10 Lower 15(d)
i TN
. Lower d
L5 None | -=--- 11, 12(d)l ]J-I-( d), 15(d)
Y S N T 10 12(4)
v S N O s 2 (0
----- o) d
o | | | | | ----- -20 v 12(d;
5 1 1 | == 0 15 1%(a)
51 v oo - -15 13( )
52 None | | | ==—-- 15 13(e)
5 1 | | | |- -15 13(b)
sy, |t L | | eee-- 0 9, 10, 11, 16
s 0 1 | -10 9
56 | | | | |- -20 9
57 | | | | | =e--- 10 9
58 V | ceeae 20 9
59 0.025 | Unper 0 10
(8] .05 Urper 10
61 .10 Upper l 10
&2 A 4 .15 Upper v 10

NATIONAL ADVISCRY
COMMITTEE FOR AERONAUTICS
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4 7/
TABLE II.- RESUME OF TESTS OF ‘fCDEL A

EI‘hree-dimansiona.l flow; complete model; landiny gear down; 6, = Oﬂ

Test 5f 1t 59 cg 55
(deg) |(deg) |(deg) | (fraction og, i fraction ol ) Figure
1 0| 2.25 0 None None 27(a)
2 ~10 27(a)
3 -15 27(a)
L -20 27(a)
5 -L5 27(a)
7 { .09 -.09 28(a)
8 , | .15 -.15 28(a)
9 | ¥ \ .25 -.25 28(a)
10 | L5 2.00] ¥ None None 27(1). 28(v), 29
11 -10 | 27(b)
12 -15 l 7(b)
13 , -30 \l, 2,{v)
i 0 0.06 -0.06 25(b)
15 .09 -.29 28(v), 29
16 .15 -.15 28( b)
17 .25 -.25 23(b)
18 .0? "015 29
19 3.09 --21 @
.09 --09
20 {b.oé t_.06 30
[8.09 8.,09 0
&l | v \ v {b.os .06 5

®Rear spoiler in comtination.
Forward spoller in combination.

NATIONAL ADVISORY
COMMITTEE F(R AERONAUTICS
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Figure £.— Three -view drawing of model A.
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' (b) Combmnation sparlers.
Figure 3.~ Concluded.
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Frgure 4- Three-view drawing of model B.
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Fig. 26 NACA ARR No, L5F28

q
Y ’ I
o A ) [l
< it \
« A
Y4 Y/
g o vy
) 74
‘g 7’I‘ /;,/
T |
_—
N o , (e
—Ag —_—-— -8
/ o
e
A /

~<

%4
+
!

1'820 -/o -0 2 [ 5 10
Rear-goarer projaction, 5‘&’ percent ¢

é g 0'4—0
Forward - spoler projection, 6:,,__ s percent c
Figvra 26.~Efiact of a combinalion of spoilers. Reor spoier on upper surface;
were rorward sporler or bmer M‘axapw“ followng a:nm’a ﬁ:’ S00iler
akne lo -0.03¢; forward spolar then projécting one-half as fast

as rear spoiler.




NACA ARR No. L5F28 Fig. 27a
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Fig. 30 NACA ARR No. L5F28
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NACA ARR No., L5F28 Fig. 31
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NACA ARR No. L5F28 Fig. 32a Conc.
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Fig. 32c NACA ARR No. L5F28
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Fig. 324 NACA ARR No. LSF28
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NACA ARR No. LHF28 Fig. 33 Conc.

&
.‘\“
§ Spoile
S oller
& pr@ecﬁon
QL
S .04 _
g aogleﬂQ_“ |
P
E 0 o L\m\HNme E:?
g 0256/ =1 | N'ﬁ
) gne E;E&‘
3 0O, T%
<
-E ‘04 v
A NATIONAL ADVISORY
& COMMITTEE FOR AERONAUTICS.
N [
L
LU 0 4 8 16 20

12
Lir7 coefficient, C;
H'gure 33.-Concluded.




Fig. 34a NACA ARR No. L5F28
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Fig. 34b ' NACA ARR No. L5F28
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